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Chlorantraniliprole at sublethal concentrations may reduce 
the population growth of the Asian corn borer, 
Ostrinia furnacalis ( Lepidoptera: Pyralidae ) 

SONG Yue-Qin, DONG Jun-Feng* , SUN Hui-Zhong 


(College of Forestry, Henan University of Science and Technology, Luoyang, Henan 471003, China) 


Abstract: In order to provide a scientific basis for understanding the effects of the insecticide 
chlorantraniliprole on Ostrinia furnacalis ( Guenée ) , diet-incorporation bioassays were used to examine 
the toxicity of chlorantraniliprole to O. furnacalis, and the sublethal effects of the insecticide were 
investigated using life table analyses under laboratory conditions. The results showed that the LC,,, LCj9 
and LC. values of chlorantraniliprole on the 3rd instar larvae of O. furnacalis were 0.038, 0.098, and 
0.123 mg a.i./L, respectively. After the 3rd instar larvae were treated with LC,, and LC, levels of 
chlorantraniliprole, the larval and pupal development were significantly delayed, adult longevity was 
significantly decreased and fecundity also decreased compared to the control, but the pupal weight 
(female; P =0.337, male: P =0.121), egg hatchability (P =0. 087) and sex ratio (P =0. 379) were 
not affected. Reproduction parameters, such as the net reproductive rate (R,) , intrinsic rate of increase 
(r,,), and finite rate of increase (A) in the treatment groups were significantly lower than those in the 
control group. These results suggest that the LC, and LC, concentrations of chlorantraniliprole may 
reduce the population growth of O. furnacalis. 
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1 INTRODUCTION 


Ostrinia furnacalis 
(Guenée) ( Lepidoptera; Pyralidae), is one of the 


The Asian corn borer, 


most economically important corn stalk-boring pests 
in Asia. Because the insect live inside its host plant 
for most of its life cycle, controlling the Asian corn 
borer has proven to be quite difficult. Pesticides are 
widely used against the corn borer, but when 
insufficient amounts of an insecticide reach the active 
sites of pests, only sublethal effects occur. Sublethal 
effects include alterations to the physiological and 
behavioral characteristics of insects ( Haynes, 


1988 ), but not death. Sublethal 


concentration of a substance can influence the 


immediate 


development time, pupal weight, adult longevity, 
mating behavior, egg hatchability, fecundity, egg 
size, and sex ratio ( Yang and Du, 2003; Pineda et 
al., 2007; Yin et al., 2008; Teixeira et al., 2009; 
Wang et al., 2009; Sial and Brunner, 2010; 
Mahmoudvand et al., 2011; Alizadeh et al., 2012). 
However, sublethal doses of insecticides frequently 
cause resurgence of a pest population through 
physiological and ecological mechanisms ( Ripper, 





investigation of the sublethal effects associated with 
pesticides is critical for determining the efficacy and 
assessing the risk of pesticide treatments ( Desneux et 
al., 2007). 

Chlorantraniliprole is a new anthranilic diamide 
insecticide developed by DuPont Crop Protection. 
This insecticide has been proven effective against a 
number of lepidopteran pest species ( Cao et al., 
2010; Sial and Brunner, 2010 ). 


effects of chlorantraniliprole on O. furnacalis have 


However, the 


not yet been reported. In this study, we determined 
how chlorantraniliprole affects the surviving 0. 
furnacalis individuals when the 3rd instar larvae were 
exposed to different concentrations of pesticides for 
120 h. Here, we presented the effects of exposure on 
several characteristics, including developmental 
time, pupal weight, sex ratio, adult longevity, 
fecundity, and egg hatchability, and evaluated the 


key population growth parameters as well. 


2 MATERIAL AND METHODS 


2.1 Test insects 


The initial O. furnacalis population was 
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collected in August 2008 from corn crops in 
Luoyang, Henan Province, China. This colony was 
reared continuously on the artificial diet described by 
Zhou et al. (1980). Insect stock was maintained at 
28 +1 , 70% +5% relative humidity (RH) and a 
photoperiod of 16L; 8D in a growth chamber. 
2.2 Insecticide 

The insecticide chlorantraniliprole (20% SC, 
Rynaxypyr) used in this study was purchased from 
DuPont Crop Protection. 
2.3 Bioassays to determine the 
concentrations 

The toxicity of chlorantraniliprole to the 3rd 


sublethal 


instar larvae of O. furnacalis was estimated using a 
diet-incorporation bioassay. Newly moulted (starved 
for 0 -5 h) 3rd instar larvae were continuously fed 
with an artificial diet containing one of seven 
concentrations (0. 500, 0. 333, 0. 250, 0. 125, 
0.063, 0. 042, or 0. 033 mg a. i./L) of the 
insecticide. Serial dilutions to make the different 
concentrations were prepared in 20 mL of water and 
mixed into the diet after it had cooled to ~ 50. 
Treated diet was refrigerated (4°C ) for no longer 
than 48 h before being used or discarded. At least 30 
larvae were randomly selected and individually 
placed into small glass finger tubes (1. 8 cm in 
diameter, and 8 cm in depth) containing ~ 1 cm’ of 
insecticide-treated diet. Untreated diet was provided 
to individuals in the control group. These tests were 
times. The diet was 


repeated four replaced 


periodically as necessary. Insect mortality was 
evaluated at 120 h after the initial exposure. Larvae 
were recorded as dead if they could not move when 
probed with an ink brush. 

According to the bioassay results, the LC,, and 


LC, values at 120 h after exposure were selected as 


the sublethal concentrations for subsequent 
experiments. 
2.4 Exposure of O. furnacalis larvae to 


sublethal concentrations of chlorantraniliprole 
Artificial diets spiked with LC, and LC, 
concentrations of chlorantraniliprole and control diets 
were prepared as described above. The 3rd instar 
larvae of O. furnacalis were obtained from the stock 
culture and starved for 0 —5 h and then individually 
placed in finger tubes containing diet treated with 


different concentrations of chlorantraniliprole or 


untreated diet (control). Larvae were maintained at 
28 + 1C, 70% + 5% RH, and a 16L: 8D 
photoperiod in a climate chamber. After 120 h, live 
larvae were transferred to a tube containing untreated 
artificial diet and their 
development into the pupal stage. Pupae were placed 
individually in plastic cups (250 mL) until adults 


allowed to continue 


emerged. Individual 3-day-old pupae in each 


treatment group were selected to be weighted and 


After adults , 


exposed to each sublethal concentration and those in 


sexed. they became individuals 
the control group were selected, and each pair ( male 
and female) was introduced into a mating cage (10 
cm in diameter, and 18 cm in depth). A sugar 
solution (10% ) was used to feed the adult moths 
and was replaced every 2 d to prevent fungal growth. 
For each mating pair, the fecundity, percentage of 
eggs hatched (egg hatchability) , and moth longevity 
were recorded. 
2.5 Data analysis 

Mortality data from the larval toxicity bioassays 
underwent probit regression analysis against log 
(insecticide concentration ). The experimental data 
were subjected to one-way analysis of variance 


(ANOVA) (P < 0. 05) 


normality. Means were compared using Tukey’ s 


after checking for 


range test, admitting significant differences at P < 
0.05. Differences in biological parameters were 
tested using the jackknife method ( Tao and Wu, 
2006 ). SPSS software was used for all analyses 
( SPSS Institute 17.0). 


3 RESULTS AND ANALYSES 


3.1 Toxicity of chlorantraniliprole to the 3rd 
instar larvae of O. furnacalis 

The estimated LC. from a diet-incorporation 
bioassay on the 3rd instar larvae of O. furnacali at 
120 h after treatment was 0. 123 mg a.i./L, and the 
LC,, and LC, values were 0. 038 mg a. i./L and 
0.098 mg a. i./L, respectively ( Table 1). The 
bioassay indicate that 
chlorantraniliprole showed excellent activity against 


results from this 


O. furnacalis individuals collected in Henan. 


Table 1 Toxicity of chlorantraniliprole to the 3rd larvae of Ostrinia furnacalis at 120 h after treatment 


df LCjo LC4o 


Chlorantraniliprole 4 0.038 (0.024 -0. 051) 


0.098 (0.077 -0. 119) 


LCs Slope + SE x 


P value 


0.123 (0.100 -0.151) 2.514 +0.324 1.775 0. 062 
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3.2  Sublethal effects of chlorantraniliprole on 
developmental duration and adult longevity of O. 
furnacalis 

The effects of chlorantraniliprole at sublethal 
concentrations on the larval, prepupal and pupal 
duration and on the adult longevity of O. furnacalis 
are presented in Table 2. Both LC, and LC, 


concentrations of chlorantraniliprole significantly 


increased the larval and pupal duration (larval: F = 
155.93, P <0. 0001, df =2, 487; pupal: F = 
15.01, P < 0. 0001, df = 2, 262). Pre-pupal 
duration in the LC, treatment group was significantly 
longer than that in the control group (F =8.54, P< 
0.0001, df=2, 299). The mean life time of males 
LCa 
significantly shorter than that in 


and females in treatment group were 
the control; 
However, the mean life time of females in LC,, 


treatment group was significantly longer than that in 


the control group (male: F = 16.68, P <0. 0001, 


56 & 


df=2, 72; female: F =11.27, P<0.0001, df=2, 
65). 
3.3  Sublethal effects of chlorantraniliprole on 
pupal weight, fecundity, egg hatchability, sex 
ratio of O. furnacalis 

Table 3 sublethal effects of 
chlorantraniliprole on fecundity, egg hatchability, 


shows the 


and pupal weight of O. furnacalis. 
sublethal 
significantly reduced the fecundity of O. furnacalis 
(F=4. 835, P=0.013, df =2, 39). However, 
chlorantraniliprole had no effect on egg hatchability 
(F =3.31, P=0.087, df=2, 597) or on the sex 
ratio ( F =1.15, P =0. 379, df =2, 6). In 
addition, pupal weight in the LC,, treatment group, 


sex ratio, 


Chlorantraniliprole at concentrations 


the LC, group and the untreated group were not 
significantly different (male; F =2.16, P =0. 121, 
df=2, 145; female: F=1.10, P=0.337, df=2, 
152). 


Table 2 Sublethal effects of chlorantraniliprole on larval, prepupal and pupal duration (d), and adult longevity (d) 
of Ostrinia furnacalis at 120 h after treatment to the 3rd instar larvae 


Chlorantraniliprol 
orantranıpro Larval duration Prepupal duration 


concentration 


0 (Control) 14.25 +0.33 e(90) 1.32 +0.10 b(90) 


LCio 19.73 +0.21 b(150) 1.46 +0.10 b(117) 
LC 4g 22.22 +0.22 a(250) 1.91 +0.09 a(95) 
P <0. 0001 <0.0001 
F 155.93 8.54 
df 2,487 2,299 


Adult longevity 
Pupal duration 


Female Male 


6.63 +0.22 c(90) 12.25 +0.60 b(20) 10.73 +0.85 a(21) 


7.37 +0.19 b(90) 14.60 +0.65 a(25) 10.84 +0.70 a(25) 


8.03 +0.09 a(85) 8.17 +0. 73 c(23) 6.34 +0.52 b(29) 


<0.0001 <0.0001 <0.0001 
15.01 11.27 16.68 
2 262 2,65 2,72 


Larval duration indicate the number of days from egg hatching to prepupa. All values are means + SE; means marked with different letters within the same 


column are significantly different ( P <0. 05; Tukey’ s test). Numbers in brackets show the number of individuals measured. The same below. 


Table 3 Comparison of pupal weight, fecundity, egg hatchability, and sex ratio in Ostrinia furnacalis treated with 
sublethal concentrations of chlorantraniliprole and in untreated controls at 120 h after treatment 


Chlorantraniliprol Pupal weight (g) 


concentration 


Male Female 


0 (Control) 0.066 +0. 003 a(37) 


LCi 0.073 +0.002 a(40) 0.105 +0.002 a(40) 
LCa 0.073 +0. 002 a(35) 0.103 +0.002 a(32) 
P 0.121 0.337 
F 2.16 1.10 
df 2,145 2,152 


3.4 Sublethal effects of chlorantraniliprole on 
population growth parameters of O. furnacalis 
The population growth parameters of O. 
furnacalis affected by 
chlorantraniliprole (Table 4). The net reproduction 


were significantly 


0.099 +0. 004 a(35) 


Fecundity Egg hatchability Proportion of females 


(number of eggs 


laid per female) (%) (%) 
587.21 +81.37a 91.94 +0.91 a(826) 49.69 +0.54 a 
346.15 +46.97b 90.57 +1.67 a(737) 50.55 +0.53 a 
321.47 +65.53b 89.10 #2.29 a(644) 49.49 +0.51 a 
0.013 0.087 0.379 
4. 835 3.31 1.15 
2,39 2,597 2.6 


rate (R,) significantly differed between the control 
group and groups exposed to sublethal insecticide 
concentrations ( F = 125.03, P <0. 0001, df =2, 
57). The rate increase (r„) in treatment groups of 
LC,, and LC, of chlorantraniliprole was significantly 
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lower than that in the control group ( F = 74.33, P 
< 0. 0001, df = 2, 57). LC, and LC, of 
chlorantraniliprole also had significant effects on the 
finite rate of increase (A) (F = 81. 33, P < 
0.0001, df=2, 57). The generation time ( T) and 


doubling time (tf) in treatment groups at the two 
sublethal concentrations were significantly increased 
compared with the control group (T; F =1 969.85, 
P <0. 0001, df =2, 57; t; F = 669. 96, P < 
0.0001, df=2, 57). 


Table 4 Comparison of biological parameters of Ostrinia furnacalsi treated with chlorantraniliprole and 
the control group at 120 h after treatment 


Chlorantraniliprol 
concentration Ry r (d -1) 
0 (Control) 154.92 +6.20 a 0.16 +0.00 a 
LC i0 125.06 +3.91 b 0.14 +0.00 b 
LC 49 61.46 +1.63 c 0.11 +0.00 c 
P <0. 0001 <0. 0001 
F 125.03 74. 33 
df 2,57 2,57 


Parameters 
A(d7!) T (d) t (d) 
1.18 +0.00 a 30.42 +0.06 c 4.16 +0.07 ¢ 
1.16 +0.00 b 33.33 +0. 10 b 4.82 +0.03 b 
1.12 +0.00 ¢ 37.73 +0.08 a 6.34 +0.00 a 
<0. 0001 <0. 0001 <0. 0001 
81.33 1969. 85 669. 96 
2,57 2,57 2,57 


4 DISCUSSION 


Chlorantraniliprole, an insecticide that uses a 
novel mode of action, potently activates the ryanodine 
receptors in insect muscles, which release the stored 
calcium from the sarco/endoplasmic reticulum and 
causes problems regulating muscle contractions, 
leading to feeding cessation, lethargy, and muscle 
paralysis (Cordova et al., 2006). The efficacy of the 
insecticide is slow, but the effects last for a long time. 
Based on the report by Lai and Su (2011) and trial 
tests performed in our laboratory ( unpublished data) , 
we chose 120 h as the test time of virulence. The data 
obtained in this study showed that chlorantraniliprole 
was highly active against O. furnacalis, with an LC. of 
0. 123 mg a.i./L. This result was in good agreement 
with Lahm et al. (2007), which reported the high 
toxicity of this chemical when applied to several 
lepidopteran pests. 

Many previous studies have reported that the 
larval duration were prolonged when exposed to 
sublethal concentrations of chlorantraniliprole ( Teixeira 
et al., 2009; Lai and Su, 2011; Han et al., 2012). 
These findings agree well with our results, which 
showed that the larval duration was delayed by 38. 
46% and 55.93% compared to controls when larvae 
were treated with LC, and LC, concentrations of 
chlorantraniliprole, respectively. One reason for the 
developmental delay was that the balance between 
development and detoxification in the larvae shifted 
toward detoxification, meaning that resources were 
spent on detoxification rather than development, 
causing larval development to take significantly longer 
time than in the control group. Another reason for the 
developmental delay was perhaps due to starvation 


caused by feeding cessation ( Hannig et al., 2009 ). 
Lai and Su (2011) reported that neonate Spodoptera 
exigua larvae exposed to chlorantraniliprole at LC, and 
LC,, levels did not show significant differences in their 
duration in the pupal stage. However, our results 
showed that pupal duration was prolonged in the 
treatment groups compared to the control group. Most 
insecticides studied have been found to reduce adult 
longevity ( Stapel et al., 1998; Wang et al., 2009; 
Mahmoudv et al., 2011). In our study, the adult 
longevity in O. furnacalis was significantly decreased 
in the LC, group compared to the control group, but 
adult longevity in the LC, group was significantly 
prolonged. Perhaps this unexpected finding occurred 
because of the relatively small sample size used in this 
analysis. 

There have been many reports on pupal weight 
reduction after insects had been exposed to sublethal 
level of insecticides (Seth et al., 2004; Pineda et al., 
2007; Rodríguez Enríquez et al., 2010). However, a 
different study showed that pupal weight increased after 
neonate S. exigua larvae were exposed to sublethal 
levels of chlorantraniliprole ( Lai and Su, 2011). Our 
results showed no significant difference in pupal 
weight, regardless of the exposure conditions. 
Observations on the behavior of Asian corn borer larvae 
showed that chlorantraniliprole decreased the mobility 
of larvae, but most of the larvae exposed to lower 
concentrations of the insecticide recovered once they 
were removed from insecticide condition. In these 
instances, larvae gained weight rapidly after removal 
from the insecticide environment, so pupal weight was 
not affected. 

Studies have demonstrated that when the 3rd 
instar larvae of Platynota idaeusalis were exposed to 
tebufenozide , the fecundity or fertility were not affected 
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( Biddinger, 2006). In contrast, marked reductions in 
fecundity and fertility were observed in S. littoralis and 
S. litura that had been treated with RH-5849, 
tebufenozide, or methoxyfenozide during the larval 
stages (Seth et al., 2004; Pineda et al., 2007 ). 
Previous studies have shown that chlorantraniliprole 
significantly disrupted the mating behavior of Cydia 
pomonella and had significant ovicidal activity on 
Lobensia botrana ( Knight and Flexner, 2007; Ioriatti 
et al., 2009). In our study, the LC, and LC, 
concentrations of chlorantraniliprole had no significant 
effect on the fertility of O. furnacalis but significantly 
reduced the fecundity. In order to thoroughly assess the 
sublethal effects of chlorantraniliprole on the 
reproduction of O. furnacalis, further assays on the 
older larvae, pupae, and adults should be conducted. 

We observed that chlorantraniliprole exposure did 
not affect the sex ratios of O. furnacalis pupae. 
Similarly, this compound was not found to affect the 
sex ratios of exposed S. exigua neonates (Lai and Su, 
2011) or the 3rd instar larvae of Rhagoletis fruit flies 
( Teixeira et al., 2009). Currently, chlorantraniliprole 
does not seem to affect the sex ratios of treated insects. 

The sublethal effects of insecticides vary widely 
These 


differences may arise because of differences in the 


among and within different insect species. 


species, different exposure methods, or even different 
concentrations of insecticides used ( Hannig et al., 
2009 ). The developmental stage of insects at the time 
of exposure may also contribute to how sublethal effects 
are presented. However, one study suggested that the 
sublethal effects of insecticides are more dependent on 
their application dose/concentration rather than the 
class of insecticide used or the insect species affected 
( Yin et al., 2008). 

Morse and Zareh (1991 ) observed that the 
insecticide malathion significantly increased fecundity 
in citrus thrips, Scirtothrips citri. Kerns and Stewart 
(2000 ) reported that exposing Myzus persicae to 
sublethal concentrations of bifenthrin increased their 
production. 
( 2007 ) 


reported that intrinsic rates of increase in cabbage 


net reproductive rate and nymphal 


Contrary to these findings, Lashkari et al. 


aphids were lower in populations treated with sublethal 
concentrations of imidacloprid and pymetrozine than in 
the controls. Golmohammadi et al. (2009) found that 
indoxacarb decreased R, but did not decrease r,, or A in 
Chrysoperla carnea. In this study, the larval duration 
tended to be longer in the treatment groups than in the 
control group. Therefore, the mean generation time of 
O. furnacalis was prolonged. The mean values of the 
intrinsic rate of increase (r,), the net reproductive 
rate (R,), and the finite rate of increase (A) were 
significantly lower in the LC,,and LC, groups than in 


the control group. It is, therefore, possible that 


56 & 


sublethal effects on ©. 
furnacalis that may affect population dynamics in the 


chlorantraniliprole has 


field via reductions in their survival and reproduction. 
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